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DETAILED ACTION 

Election/Restrictions 

Applicants election with traverse of Group II, claims 1-29, 35-60 and 73-74 in the reply 
filed on January 28, 2005 is acknowledged. The traversal is on the ground(s) that "the 
embodiments delineated by the examiner are not patentable distinct and therefore consitute a 
single invention concept". This is not found persuasive because Applicant has not specfically 
addressed the reason for the restriction requirement as provided by the previous Examiner. 

The requirement is still deemed proper and is therefore made FINAL. 

Claims 30-34 and 61-72 are withdrawn from further consideration pursuant to 37 CFR 
1. 142(b), as being drawn to a nonelected invention, there being no allowable generic or linking 
claim. 

Claim Objections 

Claims 56-59 are objected to because of the following informalities: claim 56 depends on 
claim 57. It should depend on claim 53. 
Appropriate correction is required. 

Claim Rejections - 35 USC § 112 
The following is a quotation of the second paragraph of 35 U.S. C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

Claim 74 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 
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Claim 74 recites the limitation "said first dielectric layer" (3 occurrences) in lines 2, 6 and 
13. There is insufficient antecedent basis for this limitation in the claim. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

Claim 2 is rejected under 35 U.S.C 102(b) as being anticipated by Ernick et al. (U.S. 
Patent No. 3,510,369). 

Re claim 2, Ernick et al. ("Ernick") discloses in FIGs. 1-7 a method of making a 
semiconductor device, comprising: providing a silicon carbide-based barrier 12 layer on a 
substrate 10; and converting a portion of said silicon carbide-based barrier layer 12 with an 
oxidation treatment into a layer of silicon oxide 14 [see col. 2, line 1 1 to col 3, line 44] . 

Claims 6 and 8 are rejected under 35 U.S.C. 102(b) as being anticipated by Loboda 
et al. (U.S. 5,818,071). 

Re claims 6 and 8, Loboda et al. ("Loboda") discloses in Fig. 1 a method of fabricating a 
dielectric barrier layer in an integrated circuit structure comprising: providing a low-k interlayer 
dielectric layer 5 (low-k) on a substrate 1, said dielectric layer 5 having at least one opening 
exposing an underlying metal layer 3; and forming a first silicon carbide-based barrier layer 8 to 
conformally cover exposed surfaces of said opening [see col. 3, line 17 to col. 4, line 14]. 
Loboda further discloses forming a silicon carbide-based barrier layer using a chemical vapor 
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deposition process or a plasma enhanced chemical vapor deposition process [see col. 2, lines 36- 
64]. 

Claim Rejections - 35 USC §103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 1 03(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1 .56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 
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Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Loboda in 
view of Ngo et aL (U.S. 6,723,634). 

Loboda discloses a method of fabricating a dielectric barrier layer in an integrated circuit 
structure previously as described, which method is repeated herein. 

Re claim 7, Loboda fails to disclose the low-k interlayer dielectric layer 5 comprising 
carbon-doped silicon oxide. 

Ngo et al. ("Ngo") suggests materials for low-k interlayer dielectric layer include carbon- 
doped silicon oxide [see col. 6, lines 30-59]. 

Since Loboda and Ngo are from the same field of endeavor, the purpose disclosed by 
Ngo would have been recognized in the pertinent prior art of Loboda. 

Therefore, it would have been obvious to a person of ordinary skill in the art at the time 
the invention was made to modify the method disclosed by Loboda as suggested by Ngo, since 
Ngo states at column 6, lines 30-34 that such material is used to reduce interconnect capacitance. 

Claims 9 and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Loboda in view of Li et al. (U.S. 6,790,788). 

Re claims 9 and 10, Loboda fails to disclose said first silicon carbide-based barrier layer 
is formed to a thickness of from about 200 angstroms to about 400 angstroms, and wherein said 
first silicon carbide-based barrier layer is formed at a temperature of from about 350°C to about 
450°C. 

Li et al. ("Li") suggests forming a silicon carbide-based barrier layer to a thickness of 
from about 100 angstroms to about 500 angstroms [see col. 9, lines 57-61], and wherein said 
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silicon carbide-based barrier layer is formed at a temperature of from about 0°C to about 500°C. 
[see col. 7, line 11-63]. 

Since Loboda and Li are from the same field of endeavor, the purpose disclosed by Li 
would have been recognized in the pertinent prior art of Loboda. 

It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to optimize and select appropriate temperature range and thickness within 
the ranges as suggested by Li. The selection of parameters such as energy, power, concentration, 
temperature, time, depth, thickness, etc., would have been obvious and involve routine 
optimization which has been held to be within the level of ordinary skill in the art. "Normally, it 
is to be expected that a change in temperature, or in concentration, or in both, would be an 
unpatentable modification. Under some circumstances, however, changes such as these may be 
impart patentability to a process if the particular ranges claimed produce new and unexpected 
result which is different in kind and not merely degree from results of prior art . . . such ranges 
are termed 'critical ranges' and the applicant has the burden of proving such criticality . . . More 
particularly, where the general conditions of a claim are disclosed in the prior art, it is not 
inventive to discover the optimum or workable ranges by routine experimentation". In re Alter, 
105 USPQ 233, 235 (CCPA 1955). See also MPEP 2144.05. 

Claims 35-39 are rejected under 35 U.S.C. 103(a) as being unpatentable over Ngo et 
al. (U.S. 6,723,634) in view of Loboda et aL (U.S. 5,818,071). 

Ngo et al. ("Ngo") discloses in FIGs. 1 and 2 a method of fabricating a dielectric barrier 
layer in an integrated circuit structure, comprising: providing a first low-k dielectric layer 13 on a 
substrate 10 having at least one opening 16, said opening 16 having a via hole which exposes an 



Application/Control Number: 10/657,847 Page 7 

Art Unit: 2822 

underlying metal layer 1 1 surrounded by said first low-k dielectric layer 13, said first low-k 
dielectric layer 13 having an etch stop layer 14 (silicon nitride or silicon carbide) formed 
thereupon, and a trench over said via hole surrounded by a second low-k dielectric layer 15; and 
forming a first barrier layer 20 (TaN) to conformally cover the exposed surfaces of said opening 
16. 

Re claims 35-39, Ngo fails to disclose using silicon-carbide based material to form the 
first barrier layer 20. 

Loboda et al. ("Loboda") suggests in Fig. 1 using silicon-carbide based material to form a 
barrier layer 8 to prevent diffusion of metal from a wiring layer 6 of high conductivity into the 
surrounding dielectric 5 [see col. 3, line 65 to col. 4, line 1]. Loboda further discloses forming a 
silicon carbide-based barrier layer using a chemical vapor deposition process or a plasma 
enhanced chemical vapor deposition process [see col. 2, lines 36-64]. 

Since Ngo and Loboda are from the same field of endeavor, the purpose disclosed by 
Loboda would have been recognized in the pertinent prior art of Ngo. 

Therefore, it would have been obvious to a person of ordinary skill in the art at the time 
the invention was made to modify the method disclosed by Ngo in the manner as suggested by 
Loboda because of the desirability to stop diffusion of metal from a wiring layer of high 
conductivity into the surrounding dielectric. 

Re further claim 36, Ngo discloses the etch stop layer 14 includes silicon carbide [see col. 
5, lines 45-47]. 
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Re further claims 37 and 38 , Ngo discloses the materials for low-k interlay er dielectric 
layers include carbon-doped silicon oxide [see col. 6, lines 30-59]. Thus, it is understood that the 
first and second low-k dielectric layers 13 and 15 include carbon-doped silicon oxide. 

Claims 40 and 41 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Ngo and Loboda as applied to claims 35-39 above, and further in view of Li et al. (U.S. 
6,790,788). 

Re claims 40 and 41, Ngo and Loboda fail to disclose said first silicon carbide-based 
barrier layer is formed to a thickness of from about 200 angstroms to about 400 angstroms, and 
wherein said first silicon carbide-based barrier layer is formed at a temperature of from about 
350°C to about 450°C. 

Li et al. ("Li") suggests forming a silicon carbide-based barrier layer to a thickness of 
from about 100 angstroms to about 500 angstroms [see col. 9, lines 57-61], and wherein said 
silicon carbide-based barrier layer is formed at a temperature of from about 0°C to about 500°C. 
[see col 7, line 11-63]. 

Since Ngo, Loboda and Li are from the same field of endeavor, the purpose disclosed by 
Li would have been recognized in the pertinent prior art of Ngo and Loboda. 

It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to optimize and select appropriate temperature range and thickness within 
the ranges as suggested by Li. The selection of parameters such as energy, power, concentration, 
temperature, time, depth, thickness, etc., would have been obvious and involve routine 
optimization which has been held to be within the level of ordinary skill in the art. "Normally, it 
is to be expected that a change in temperature, or in concentration, or in both, would be an 
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unpatentable modification. Under some circumstances, however, changes such as these may be 
impart patentability to a process if the particular ranges claimed produce new and unexpected 
result which is different in kind and not merely degree from results of prior art . . . such ranges 
are termed 'critical ranges' and the applicant has the burden of proving such criticality . . . More 
particularly, where the general conditions of a claim are disclosed in the prior art, it is not 
inventive to discover the optimum or workable ranges by routine experimentation". In re Aller, 
105 USPQ 233, 235 (CCPA 1955). See also MPEP 2144.05.. 

Allowable Subject Matter 

Claims 1 1-28 and 42-59 are objected to as being dependent upon a rejected base claim, 
but would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. In addition, claims 56-59 would be allowable if rewritten 
to overcome the objection set forth in this Office action. 

Claim 74 would be allowable if rewritten or amended to overcome the rejection(s) under 
35 U.S. C. 112, 2nd paragraph, set forth in this Office action. 

Claims 1, 3-5, 29, 60 and 73 are allowed. 

The following is a statement of reasons for the indication of allowable subject matter: 
none of the prior art of record, taken alone or in combination, fairly shows or suggests all the 
limitations as claimed. 

Re claim 1, none of the prior art of record discloses the following steps in combination 
with other claimed limitations: forming a silicon carbide-based barrier layer to cover exposed 
surfaces of said carbon-doped silicon oxide dielectric layer; converting a portion of said silicon 
carbide-based barrier layer with an oxidation treatment into a layer of silicon oxide; and using 
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said carbon-doped silicon oxide dielectric layer as a stop layer to remove said layer of silicon 
oxide. 

Re claim 3, none of the prior art of record discloses the following steps in combination 
with other claimed limitations: forming a conformal first barrier layer over exposed surfaces of 
said opening; converting said first barrier layer above said dielectric layer and over the bottom 
of said opening into a second barrier layer, said second barrier layer having a removal rate 
associated with a first etchant that is greater than a removal rate of said first barrier layer 
associated with said first etchant; and using said first etchant to remove said second barrier 
layer. 

Re claim 29, none of the prior art of record discloses the following steps in combination 
with other claimed limitations: forming a first silicon carbide-based material to conformally 
cover the exposed surfaces of said opening; converting said first silicon carbide-based barrier 
layer above said low-k dielectric layer and over the bottom of said opening with an oxidation 
treatment into a layer of silicon oxide; removing said silicon oxide layer above said low-k 
dielectric layer and from the bottom of said trench; filling said opening with a conductive layer 
in electrical contact with said underlying metal layer; removing said conductive layer above said 
low-k dielectric layer to a predetermined depth below said low-k dielectric layer to define a 
recess therebelow; forming a second silicon carbide-based barrier layer to cover said recess and 
above said low-k dielectric layer and said first silicon carbide-based barrier layer so as to 
encapsulate said conductive layer; converting said second silicon carbide-based barrier layer 
above said low-k dielectric layer with an oxidation treatment into a layer of silicon oxide; and 
removing said layer of silicon oxide. 
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Re claim 60, none of the prior art of record discloses the following steps in combination 
with other claimed limitations: forming a first silicon carbide-based barrier layer to conformally 
cover the exposed surfaces of said opening; converting said first silicon carbide-based barrier 
layer above said second low-k dielectric layer, said etch stop layer, and over the bottom of said 
via hole with an oxidation treatment into a layer of silicon oxide; removing said silicon oxide 
layer above said second low-k dielectric layer and said etch stop layer \ and from the bottom of 
said via hole; filling said via hole and said trench with a conductive layer in electrical contact 
with said underlying metal layer; removing said conductive layer above said second low-k 
dielectric layer to a predetermined depth below said second low-k dielectric layer to define a 
recess therebelow; forming a second silicon carbide-based barrier layer to cover said recess and 
above said second low-k dielectric layer and said first silicon carbide-based barrier layer so as 
to encapsulate said conductive layer; converting said second silicon carbide-based barrier layer 
above said second low-k dielectric layer with an oxidation treatment into a layer of silicon 
oxide; and removing said layer of silicon oxide. 

Re claim 73, none of the prior art of record discloses the following steps in combination 
with other claimed limitations: forming a first barrier layer to conformally cover the exposed 
surfaces of said at least one opening; providing an anisotropic treatment to convert said first 
barrier layer into a second barrier layer on the top surfaces of said at least one opening and 
over the bottom of said opening, said second barrier layer having a different etching rate from 
said first barrier layer; removing said second barrier layer; and filling said at least one opening 
with a conductive material 
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Conclusion 



The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

You et al. (U.S. 6,577,009) discloses the use of silicon carbide diffusion barrier layer. 
However, You et al. does not disclose any teaching regarding converting the diffusion barrier 
layer to a silicon oxide layer. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Khanh B. Duong whose telephone number is (571) 272-1836. 
The examiner can normally be reached on 10:00-6:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Amir Zarabian can be reached on (571) 272-1852. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 






